Sample preparation
The ( 15 N, 2 H)-labeled gp41 HIV1D(677-716) (gp41 TMD ) was expressed and purified as previously described 1 .
The lyophilized protein (~1.7 mg) was dissolved in hexafluoro-isopropanal (HFIP) with approximately 16 mg of DMPC and 27 mg of DHPC, followed by drying of the solution under a nitrogen stream to achieve a thin film. The thin film was then dissolved in 3 ml of an 8 M urea solution and dialyzed against a 40 mM MES buffer (pH 6.0) to remove the denaturant. After dialysis, additional DHPC was added to make up for the loss during dialysis and to adjust the DMPC:DHPC ratio (q) to approximately 0.5. Finally, the solution with reconstituted gp41 TMD was concentrated using a centricon to 360 μL. The final NMR sample contained ~1 mM HIV-1 gp41 
NMR data acquisition, processing, and analysis
The NMR experiments were performed at 14.1 T on a Bruker Avance III HD spectrometer operating at 600.13 MHz 1 H, 150.90 MHz 13 C, and 60.81 MHz 15 N frequencies, equipped with a cryogenically cooled probe head. All the measurements were performed at 303 K. The most relevant acquisition parameters of the experiments are reported in Table S1 .
The NMR data sets were processed using nmrPipe 2 and the resulting NMR spectra were analyzed 
Solvent PRE analysis
The membrane partition of gp41 TMD was determined using a method we previously developed 6 .
DMPC/DHPC bicelle with sufficiently large q (≥ 0.5) allows direct use of measurable solvent paramagnetic relaxation enhancement (PRE) to probe residue-specific depth immersion of the protein in
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the bilayer region of the bicelle (Fig. S2) . Therefore, the bicelle-reconstituted gp41 TMD was titrated with the water-soluble and membrane-inaccessible paramagnetic agent Gd-DOTA at various known concentrations. The titrant was taken from a concentrated stock solution (600 mM Gd-DOTA) in the same buffer as that of the protein sample and it was added in small aliquots (few μL per step) to minimize sample dilution. 
) , (Eq. S1)
where I and I 0 are the peak intensities in the presence and absence of the paramagnetic agent, respectively, [Gd-DOTA] is the concentration of the paramagnetic agent, τ is the decay constant, and PRE amp is the PRE amplitude.
To determine the position of the gp41 TMD relative to the bilayer center, we calculated, for each residue i, the distance (r z ) along the protein symmetry axis (parallel to the bilayer normal), from the amide proton to an arbitrary choice of reference point based on the NMR structure. As such, the PRE amp vs (residue number) plot was converted to PRE amp vs r z , which was then analyzed using the sigmoidal fitting method (details can be found in Ref. 6 ). Briefly, the gp41 TMD structure was moved along the bilayer normal ( Fig. S3 ) to achieve the best fit to the symmetric sigmoid equation:
where PRE amp min and PRE amp max are the limits within which PRE amp can vary for a particular protein system, r z I is the inflection point (the distance from the bilayer center at which PRE amp is halfway between PRE amp min and PRE amp max ), and SLOPE is a parameter which reports the steepness of the curve at the inflection point.
The protein position along the bilayer normal which yielded the best fit to Eq. S2 (or the highest R 2 adj ) provided the best placement of the gp41 TMD with respect to the bilayer center (defined as r Z = 0).
Lipophilic PRE analysis
Complementary to the solvent PRE data, a set of lipophilic PRE data was also acquired. Using the identical approach to that employed for the solvent PRE, the bicelle-reconstituted gp41 TMD was titrated 
Hydrogen-deuterium (H-D) exchange
The gp41 where I 0 and I are the peak intensities before and after the H-D exchange, t is the time passed from the beginning of the exchange, and τ ex is the time constant of the decay.
Backbone dynamics
The backbone dynamics of the gp41 TMD in bicelles was examined by measuring the 15 N R 1 and R 2 relaxation rates. The R 1 and R 2 were measured using the TROSY version of the standard experiments for where I is the peak intensity at a given relaxation delay, I 0 is the peak intensity in the reference spectrum (t = 0), t is the relaxation delay, and R 1 and R 2 are the relaxation rates. Data not available for Asn677 (Nterminus) and Pro714 The average N ε chemical shifts of the protonated (charged) and unprotonated (uncharged) arginine are 84.8 and 90.7 ppm, respectively 10 . '*' indicates residues with k ex too fast to be measured. † The colors in the last column represent the four different exchange regimes defined as: very fast ( ex < 1 hour) (red), fast (1 hour ≤  ex < 3 hours) (orange), slow (3 hours ≤  ex < 1 day) (yellow), and very slow ( ex ≥ 1 day) (white). , taken from the 3D 15 N-edited NOESY-TROSY-HSQC spectrum. The spectrum was recorded with NOE mixing time of 60 ms at 14.1 T. The NOE strip of the R696 is highlighted in a red box to indicate that the R696 H  shows a water cross-peak. The figure was taken and adapted from Ref.
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